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Abstract 
Total charge changing cross-sections of 300 MeV/A Fe26+ ion beam in Al and combined media of CH2, CR39 and Al were 
calculated by CR39 track etch detectors using an image analysing system; DM6000 M optical microscope attached with a 
personal computer installed with Leica QWin Plus software. The CR39 nuclear track detectors were used to identify the incident 
charged particles and their fragments. Exposed CR39 detectors were etched in 6N NaOH solution + 1% ethyl alcohol at 70 ˚C to 
visualize the tracks produced by primary ion beam and its fragmentations under optical microscope. The temperature was kept 
constant throughout the etching within ± 0.1˚C. The present work shows better response of the CR39 track etch detector up to an 
improved threshold Z/β ~ 4.6. The cone-diameter distributions were fitted by multiple Gaussians using ROOT software analysis 
toolkit. The numbers of incident and survived ions were determined within 99.7% confidence levels. The calculated values of 
total charge changing cross-section were (1663 ± 236) mb in Al target, (1219 ± 29) mb in combined target CH2+CR39+Al and 
(1020 ± 121) mb in combined target CH2+CR39. 
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1. Introduction 
Study of nuclear fragmentation of heavy ions in various target media is important in scientific fields of applied 
and fundamental physics. The availability of relativistic heavy ion beams at BNL USA and HIMAC Japan facilities 
have made it possible to investigate the projectile fragmentation on different targets and at different energies. 
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Experimental study of fragmentation cross-sections of energetic heavy ions in various media has applications in the 
field of Galactic cosmic rays (GCR) detection, astrophysics, and hadrontherapy for cancer treatment etc. (Ambrosio 
et al. (2002), Benton and Benton (2001)). Nuclear fragmentation in shielding materials generates secondary particles 
and substantially modifies the radiation field inside the spacecraft. For reducing the exposure to the human beings 
and electronics during space flights due to the GCR, a proper shielding is the only practical option. Total 
fragmentation cross-section is an important parameter for understanding the nuclear structure and its behaviour 
during high energy collision. Iron ions are less abundant than protons and helium in GCR, even though these are 
considered to be significant because of their higher relative biological effectiveness (RBE) (Miller (2001), O’Neill 
(2010)).  
The present study is an extension of our previous work (Gupta et al. (2012)), where the total charge changing 
cross-sections of 300 MeV/A Fe26+ ions in Al and combined media of CH2, CR39 and Al were calculated on the 
basis of track diameter distributions by image analysing system installed with Leica QWin Plus software. CR39 
detectors have the chemical composition, (C12H18O7)n. The present work shows better response of the CR39 track 
etch detector up to an improved threshold Z/β ~ 5 where β=v/c (Westphal et al. (1994)). 
2. Experimental 
A stack composed of CR39 detectors of size 11.5 × 11.5 cm2 and 3 mm Al as target was exposed to Fe26+ ion 
beam with energy 300 MeV/A at Brookhaven National Laboratory (BNL) NSRL, USA in 2005 at normal incidence 
with total ion density of ~2000/cm2. In the stack, there were twelve CR39 detectors; two upstream and ten 
downstream of Al target as shown in Fig.1. These detectors were labelled as CR39-1, CR39-2,...., CR39-12, 
respectively by an electrical engraver machine. Eight detectors (CR39-1 to CR39-8) have thickness ~0.704 mm per 
detector and four detectors (CR39-9 to CR39-12) have thickness ~1.445 mm per detector. These detectors were 
covered by a ~45 μm plastic (polyethylene) film to protect them from exposures to ambient radon and its progeny. 
These protective layers were removed before chemical etching.  
 
Fig. 1. Sketch of the stack configuration used for the exposures to 300 A MeV Fe26+ ion beam. 
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Fig. 2. Image of etched track-cones in CR39-3 detector under optical microscope after etching of 48 hours irradiated by 300 MeV/A Fe26+ ion 
beam. 
For calculating the total charge changing cross-sections in Al and combined media of CH2, CR39 and Al, the 
detectors CR39-2, CR39-3 and CR39-12 were taken for the etching. The chemical etching of all the three detectors 
was performed simultaneously in 6N NaOH solution + 1% ethyl alcohol at 70 ˚C for 48 hours in two steps. The 
temperature was kept constant throughout the etching within ± 0.1˚C. A continuous stirring was also maintained in 
order to keep the solution homogeneous throughout the etching period. After etching the detectors for 48 hours in 
two steps, the diameters of the tracks were observed appropriate for the measurements under Leica DM6000 M 
optical microscope. Fig. 2 shows the image of etched track-cones in CR39-3 detector after etching of 48 hours under 
optical microscope. 
3. Results and Discussion 
The diameter distributions of etched tracks for CR39-2, CR39-3 and CR39-12 were obtained by measuring the 
diameters of each track cone on an area of ~12 cm2 in the front faces of CR39 detectors. All the peaks in diameter 
distributions were well separated and consequently, a charge Z = 26 (or Z/β = 39.8) corresponding to incident beam 
and down to the threshold of the detectors 3 (or Z/β = 4.6) could be assigned to each peak in the distributions. The 
diameter distributions for CR39-2, CR39-3 and CR39-12 detectors were fitted with multiple Gaussians using the 
ROOT software analysis toolkit (Brun and Rademakers (1997)). Fig. 3 shows the diameter distribution of CR39-3 
detector fitted with multiple Gaussians. A high sensitivity was achieved by the track etch technique and interactive 
diameter measuring methods for the scanning of etched CR39 detectors using Leica DM6000 M image analyzing 
system and a charge resolution ~0.17e was achieved using only a single face of CR39 detector. The CR39 detectors 
were calibrated and for the first time, an improved detection threshold of Z/β~5 was achieved by only a single face 
of CR39 detector.   
 
Fig. 3. Diameter distribution of etched tracks with multiple Gaussian fittings of 300 A MeV Fe26+ ions and their fragments in CR39-3 detector. 
3.1. Total charge changing cross-section 
The total charge changing cross-section was computed using the relation (Kumar et al. (2012), Manzoor et al. 
(2007)):  siTtot NNX /ln. V                             (1) 
where 
ATT
T
T Nt
AX U ; Ni is the number of incident ions, Ns the number of survived ions after the target. NA is 
Avogadro’s number. AT, ρT and tT are the mass number, density and thickness of the target medium, respectively. In 
the present study, the target media were considered; first is Al, second is CH2+CR39+Al (by considering Al and all 
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the detectors from CR39-3 to CR39-11 and their protecting layers CH2 as target) and third is CH2+CR39 (by 
considering all the detectors from CR39-4 to CR39-11 and their protecting layers CH2 as target). Average mass 
number, density and thickness of these target media are presented in table-1. 
 
Table-1. Mass number, density and thickness of these target media 
 
Target medium AT ρT (g cm-3) tT (cm) 
Al 27 2.692 0.3 
CH2+CR39+Al 12.0 1.63 1.237 
CH2+CR39 7.2 1.29 0.858 
 
From Gaussian fitting of the diameter distributions, the numbers of Fe26+ ions were determined to be 17915, 
17403 and 15836 with a confidence level of 99.7% (± 3σ), in CR39-2, CR39-3 and CR39-12 detectors respectively. 
Significant fragmentation occurs in Al target. The number of incident ion on Al target were actually the number of 
Fe26+ ions in CR39-2 detector and survival ions were the number of ions in CR39-3 detector. Similarly, for 
CH2+CR39+Al target, CR39-2 gives the incident ions on the target and CR39-12 gives the number of survival ions 
and for CH2+CR39 target, CR39-3 gives the incident ions on the target and CR39-12 gives the number of survival 
ions.   Using Eq. (1), the values of total charge changing cross-section were calculated as: (1663 ± 236) mb in Al 
target, (1219 ± 29) mb in CH2+CR39+Al and (1020 ± 121) mb in CH2+CR39. 
4. Conclusions 
A high sensitivity was achieved by one side etching of the detector and interactive measuring methods for the 
scanning of etched CR39 detectors using Leica DM6000 M image analyzing system and a charge resolution ~0.17e 
was achieved using only a single face of CR39 detector. The CR39 detectors were calibrated and for the first time, 
an improved detection threshold of Z/β~5 was achieved. The total charge changing cross-section of 300 MeV/A 
Fe26+ ions was calculated in Al and combined media of CH2, CR39 and Al.  
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